The study of lesions of the spinal cord to determine the pathways conveying sensory information to the brain began at the end of the nineteenth century. At the onset of the First World War, it had been established that tactile sensibility depended on two routes, an uncrossed pathway in the posterior columns and a crossed pathway in the anterior or anterolateral columns. The evidence showed that touch and pressure were still felt when either of these pathways had been divided. What aspects of tactile sensibility were disturbed by division of the crossed pathway in the cord was not clearly stated by Head and Thompson,' Head and Holmes2 nor Head. 3 Head,4 however, with further evidence obtained from war injuries, concluded that with posterior column lesions, "spot-finding" or the ability to appreciate the spot touched was still normal and so he considered that this aspect of mechanoreception could be served by a crossed pathway in the anterior quadrant of the cord.
The subject of these two pathways conveying various forms of sensory information to the brain was re-examined by Nathan et al.5
The main question considered in that paper was the kind of change in sensibility that occurred with lesions of the posterior columns. In this paper, the question of changes in mechanoreception with lesions of the crossed anterior and anterolateral pathways is considered. Within some tests were carried out almost every day. As the patient's condition deteriorated testing was stopped. Not all the tests were carried out on every patient but in each patient the same tests were repeated before and after the operation. This paper is concerned with the examination of mechanoreception and not with other aspects of the operation of cordotomy; these have already been published.
The following examinations were carried out: 1) Awareness of any sensation when a hair or hairs of the skin on the limbs were moved.
2) Repeated touches with cottonwool.
3) Von Frey hairs. These were numbered as von Frey recommended according to what he preferred to call "tension" (t). As force includes the square of the radius of the hair, the figures become unduly large and apparently distorted; and so von Frey recommended the use of a more linear figure, obtained by dividing the bending force in mg by the radius of the hair. This was measured by a micrometer screwgauge. The tensions of the hairs applied were from 0-85 (Nylon 1) to 31.
Tensions of eight and above should be classified as touch + pressure. Some equivalents in g are t 3-6 = 0 4 g (Nylon 3), t 7.5 = 0 75 g.
The Nylon 1 hair was applied as a single stimulus vertical to the skin and it was also dragged along the skin. As a single stimulus it is at threshold in most places, though in some areas of skin it is below threshold. As a dragged stimulus it is just above threshold. Areas of 1 cm2 were marked in ink in many areas of the body, and the number of tactile stimuli felt was noted. With hairs of most tensions, there was no limit to the number felt within an area; with hairs of small tension, it was more than 10. In this and all other quantitative tests, the patients were questioned about the quality of the sensation and specifically asked about any differences between the area affected by the cordotomy and other areas. 4) A purely tactile stimulus that did not indent the skin consisted of a spark delivered 1 to 2 mm from the skin surface. With a slight current, this caused a tactile sensation; with increased current, it caused pricking pain. That a minimal electric stimulus causes touch and not pain was already known to Goldscheider.6 5) Graphaesthesia. 6) Rubbing the skin with the examiner's finger. 7) Light pressure on the skin was tested by a tonometer designed for testing ocular pressure. The stimulus was a circular disc, 0 3 mm diam. It was left on the skin for a few seconds, the pressure increasing. This was not a very satisfactory test as nearly all patients reported that they felt the stimulus as soon as it touched the skin. 8) For two-point discrimination, the usual compass test was applied; in fact, the instrument used was the one previously used by Head and Holmes. 9) Knowledge of movement and joint position of terminal digits. No reports of painful and thermal sensibility are included in this paper.
Results
The figure shows the largest extent of a bilateral cordotomy that divided the anterior half of the cord. All modalities of sensibility were normal after this operation: single hair moving, figure-writing, two-point discrimination were normal; the von Frey hair 04 g (Nylon 3) was felt quantitatively and qualitatively identically above and below the level of the cordotomy; the tickle induced by cottonwool was also felt normally. sions of eight or above, in which pressure rather than touch is the sensation. In four the hairs were felt more clearly than in a normally innervated area. In one the sharp element was absent in the area affected by the cordotomy, and in one the hairs gave a tingling sensation.
Two-point discrimination Two-point discrimination was normal in 58 of the 65 patients. In one patient it was improved in the area affected by the cordotomy. In three it was slightly worse than before the operation. In two patients, a single stimulus felt like two. In one patient it was diminished for 10-15 days after the operation, and then recovered. One patient said that after the operation he obtained so little information that he felt he was guessing. It felt blunter than on the normal side, having lost any element of sharpness; and single stimuli felt larger than on the normal side.
Sense of position, movement and vibration Awareness of movement and position of the digits and sensation ofvibration were normal in 62 of the 65 patients. In the three patients in whom these forms of sensibility were affected, vibration was not felt and sense of movement and position was deficient in two; in one patient these forms of sensibility were decreased for one month after the operation and then started to recover, eventually becoming normal. A second cordotomy on the other side of the cord had no effect on these forms of sensibility on either side.
Tickle In the majority of patients, the sensation of tickle, both on the skin ofthe abdomen elicited by a wisp of cottonwool and on the plantar surface elicited by a heavy stroke, was unaffected. In nine patients tickle on the abdominal skin was absent. In four patients in whom abdominal skin tickle was absent, plantar tickle to a firm stroke was present but diminished. In four patients plantar tickle was absent and in six diminished. In one patient abdominal skin tickle was absent but plantar tickle was present. One patient found that tickle on the abdomen was very different from on the normal side. It caused more tickle and the patient would laugh on being tested. It felt different in that it felt as though it were deep to and not on the skin. He had this sensation also from having tight clothes, from pinprick, from a dragged pin and touch or pressure on the skin.
Other sensory features In some patients in whom there was already some loss of sensibility due to involvement of peripheral nerves or nerve roots in the cancer, this diminution was increased after the operation. In five patients a cordotomy was done first on one side and later on the opposite side. In none of these patients was there any change in these forms of sensibility after the second cordotomy on the side of the body opposite the first cordotomy. A patient was seen in whom there was every reason to believe that a spinal tumour involved only the posterior columns. This patient could hardly feel the tactile element of light touches with cottonwool in both lower limbs but on the right it caused a marked tickle. It was noticeable how quickly and well she localised the stimulus on the right compared with the left; the patient said she did this entirely on account of the tickle. In the right limb, water at 270 felt very cold whereas it only had a slight sensation of cold on the left, and ice felt abnormally cold. Hot stimuli were more painful on the right.
As sensations of warmth, cold and pain depend on the anterolateral pathway, one would have thought that tickle, in this case, also depended on this pathway. But in our results reported above, tickle was not disturbed by anterolateral cordotomy.
No reference is made here to the vast literature on cutaneous and deep sensibility in humans. But it is rewarding to compare the results reported here with those of the other large series of adequate cordotomies reported by White and Sweet.7 They also found that the threshold to touch was unaltered in some patients and slightly increased in the majority. In the majority of our patients tactile threshold was unaltered. In their patients, position sense was normal; this was so in 62 of our 65 patients. In their patients, vibration was "never more than minimally reduced". In two of our patients, it was affected, later becoming normal in one; in all the others it was normal. They found that tickle on the sole was often reduced but not removed. The patients reported here judged that tickle was the same after as before the operation. In both series, itch, when it could be examined, was removed.
With regard to the sensory examination, it is clear that two people with the same lesion do not necessarily report the same sensations. One factor is the relation between what the patient expects to feel and any actual perception of stimuli. Further, when one examines sensation, one notes that there are those patients who notice nothing and those who notice minutiae. And further, patients learn as sensory examination proceeds. There is also the factor of the patient's ability to communicate.
That sensibility may be actually improved by a division of some afferent nerve fibres, provided constant pain is removed, has been noted before.9 This also occurred occasionally in this group of patients.
If impulses arising from the mechanoreceptor input were running on the side opposite the cordotomy incision, then a bilateral cordotomy would be expected to have more defects in sensibility than a unilateral one. This did not occur. There was also no change in sensibility after a second cordotomy was carried out on the side opposite the first operation. Thus there is no evidence that impulses were being re-routed along the other side of the cord after the first cordotomy. Incidentally, this also applies to warmth, cold and pain.
Evidence of the location of lesions upsetting the sensation of vibration was collected by Calne and Pallis.'0 In reviewing the literature, they found, as we did when we examined the literature on posterior column lesions, that pure lesions of the posterior columns were very Nathan group.bmj.com on July 7, 2017 -Published by http://jnnp.bmj.com/ Downloaded from rare and many previous conclusions were not justified. They concluded that the relevant impulses ran in the posterior columns and probably also with the lateral corticospinal tracts, deep in the posterolateral columns. Our evidence supports their conclusion concerning the anterior columns. In the patients reported here with lesions of the anterior quadrant of the cord, sense of position and movement and of vibration were normal, although in three of the 65 patients, this was not so.
Lockard and Kempe" have recently published evidence that "the traditionally accepted pathways for position sense, vibratory sense and tactile discrimination for the lower and upper extremities are still valid". They reported five unusual cases of selective damage to the posterior columns, which was due to stab wounds, trauma from a comminuted fracture, or an arteriovenous malformation. These patients had a loss of position and vibratory sense and tactile discrimination.
In spite of the evidence collected and presented here, no 
